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(54) Tide: AGONIST-DEPENDENT INTERNALIZATION OF HUMAN SOMATOSTATIN RECEPTORS TYPES 1-5 
(57) Abstract 

The present invention relates to the uses of human somatostatin receptors types 1-5 in the diagnosis and/or treatment of diseases and 
more particularly to tumor cells, e.g. breast cancer and in cases of Alzheimer's. The present invention relates to (i) recombinant host cells 
(CHO-K1 cells) individually expressing the 5 hSSTR subtypes; (ii) the use of these cells as tools for testing the ability of synthetic SST 
agonists or antagonists to induce receptor internalization or upregulation; (iii) the use of the internalization property of hSSTR subtypes to 
target tumors for selective targeted destruction. For instance, subtypes such as hSSTR3 and 5 which are extensively internalized could be 
targeted with selective a or ^-emitting SST radioligands for radiotherapy of, for example, breast cancers which display a rich concentration 
of these receptors; (iv) the use of the ability of hSSTRl (in particular) and hSSTR2 and 4 (to a lesser extent) to be upregulated at the cell 
surface upon prolonged treatment with agonist as a test for increasing the sensitivity of receptor scans for detection and diagnosis of tumors 
and inflammatory conditions; (v) the use of the differential ability of the hSSTR subtypes to be upregulated or internalized as a means 
for producing enhanced images in receptor scans by subtraction analysis to recruit, for example, SSTR1 selective to the membrane whilst 
internalizing others such as hSSTR3, hSSTR4, and hSSTR5. 
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AGONIST-DEPENDENT INTERNALIZ ATION OP HUMAN SOMATOSTATIN! 

RECEPTORS TYPES 1>5 

BACKGROUND OF THE INVENTION 

5 (a) Field of the Invention 

The invention relates to the uses of human soma- 
tostatin receptors types 1-5 in the diagnosis and/or 
treatment of diseases and more particularly to tumor 
cells and in cases of Alzheimer's. 
10 (b) Description of Prior Art 

Somatostatin (SST) occurs naturally as 2 bioac- 
tive peptides, SST-14 and SST-28, which exert potent 
effects on multiple targets including the brain, gut, 
pituitary, endocrine and exocrine pancreas, adrenal, 
15 thyroid, kidneys, and immune cells (Patel YC, 1992, In: 
The role of somatostatin: basic and clinical aspects of 
neuroscience series, Muller EE et al. (eds), Vol. 4, pp 
1-16, Springer-Verlag, Berlin). The cellular actions 
of SST include the inhibition of hormone and exocrine 
20 secretion, as well as modulation of neurotransmission 
and cell proliferation, and are mediated by a family of 
G protein coupled receptors (GPCR) termed SSTR1-5 
(Patel YC et al . , ' 1995, Life Sci . , 57:1249-1265; 
Reisine T et al., 1995, Endocrinology, 16:427-442). 
25 SSTR1-4 display weak selectivity for SST-14 binding 
whereas SSTR5 is SST-28 selective (Patel YC et al., 
1995, Life Sci., 57:1249-1265). Long acting SST analogs 
such as the octa-peptide SMS201-995 (SMS, octreotide) 
or the hexapeptide MK678 used clinically for diagnosis 
30 and treatment of neuroendocrine tumors bind to 3 of the 
SSTR subtypes 2,3, and 5 (Patel YC et al., 1995, Life 
Sci., 57:1249-1265; Reisine T et al., 1995, Endo- 
crinology, 16:427-442). Although the acute administra- 
tion of SST-14 or SMS produces a diverse range of bio- 
3 5 logical effects, the initial effects diminish with con- 
tinued exposure to the peptides due to the development 
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of tolerance (Lamberts SWJ et al., 1996, N. Engl. j. 
Med., 334:246-254). Such agonist-dependent desensitiza- 
tion of SSTR responses was initially suggested by stud- 
ies showing that multiple injections of SST induced 
5 tachyphylaxis of islet insulin suppression in the rat 
(Patel YC et al., 1995, Life Scl., 57:1249-1265). Sub- 
sequent studies revealed that short term exposure of 
rat anterior pituitary cells or AtT-20 cells to SST led 
to SSTR desensitization (Patel YC et al., 1995, Life 
10 Sci., 57:1249-1265; Reisine T et al . , 1995, Endocrinol- 
ogy, 16:427-442; Reisine T et al., 1983, Endocrinology, 
113:811-813) . 

More prolonged agonist exposure for 24-4 8 h was 
shown to upregulate SSTRs in GH4C1 and RINm5f cells 
15 (Presky DH et al., 1988, J. Biol. Cheat., 263:714-721; 
Sullivan SJ et al., 1986, J. Biol. Chem. , 261:3571- 
3577). Agonist-specific desensitization is common to 
many GPCRs and is associated with receptor phosphoryla- 
tion, uncoupling of the receptor from G proteins, 
20 receptor internalization, and receptor degradation 
(Dohlraan HG et al., 1991, J. Biol, chem., 268:337-341). 
The under-lying mechanisms for SSTR desensitization or 
upregulation are poorly understood. Agonist-induced 
uncoupling of SSTRs from G proteins has been shown in 
25 AtT-20 cells (Reisine T et al., 1995, Endocrinology, 
16:427-442; Reisine T et al., 1983, Endocrinology, 
113:811-813). Agonist-dependent internalization of 
SSTRs has been demonstrated in rat anterior pituitary 
cells, in rat islet cells, and AtT-20 cells (Morel G et 
30 al. 1985, Endocrinology. 116:1015-1020; Amherdt M et 
al., 1989, J. Clin. Invest., 84:412-417; Hofland LJ et 
al., 1995, Endocrinology, 136:3698-3706). 

Since normal pituitary and islet cells or their 
tumor cell derivatives are now known to express multi- 
35 pie SSTR subtypes, it is conceivable that the reported 
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differences in the downregulation or upregulation of 
endogenous SSTRs are due to differential regulation of 
the different SSTR subtypes expressed by these cells 
(Patel YC et al., 1995, Life Scl . , 57:1249-1265; 
5 Reisine T et al., 1995, Endocrinology, 16:427^442). 

It would be highly desirable to be provided with 
the characterization of agonist-induced receptor inter- 
nalization or upregulation of the 5 human (h) SSTR 
subtypes that have been individually expressed in sta- 
10 ble host cells, such as CH0-K1, and their respective 
uses thereof for the diagnostic and/or treatment of 
tumor cells. 

SUMMARY OF THE INVENTION 

15 There are 5 somatostatin receptors in humans 

termed hSSTRl-5 that have now been identified by 
molecular cloning. SST agonists which bind and acti- 
vate these receptors and which are currently available 
for diagnosis or treatment, consist of the natural lig- 

20 and SST-14 which binds to all 5 hSSTRs, and octapeptide 
analogs such as Octreotide which bind to the subtypes 
2, 3 and 5. By studying the regulation of the 5 hSSTRs 
separately expressed in CH0-K1 cells, we have found 
that upon treatment with agonist, hSSTR2, 3, 4 and 5 

25 are rapidly internalized over 60 min. Maximum inter- 
nalization occurs with hSSTR3 (78%) followed by hSSTRS 
(60%). hSSTR4 and hSSTR2 are also internalized but to 
a lesser extent (29% and 20% respectively). In con- 
trast, hSSTRl is not internalized. However, when all 5 

30 hSSTRs are exposed to agonist for a long period of time 
(22 h) as might happen during chronic treatment of 
patients with SST agonists, we find that hSSTRl is 
upregulated at the cell surface by 110%. hSSTR2 and 4 
are weakly upregulated by 26% and 22% respectively 
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whereas the levels of hSSTR3 and 5 do not change at the 
membrane . 

One aim of the present invention is to provide 
the characterization of agonist-induced receptor inter- 
5 nalization or upregulation of the 5 human (h) SSTR 
subtypes individually expressed in stable CHO-K1 cells 
and their respective uses thereof for the diagnosis 
and/ or treatment of tumor cells. 

Another aim of the present invention is to pro- 
10 vide the use of the internalization property of hSSTR 
subtypes to target tumors for selective targeted 
destruction. For instance, subtypes such as hSSTR3 and 
5 which are extensively internalized could be targeted 
with a cytotoxic agent in addition to selective a or P 
15 emitting SST radioligands for radiotherapy of, for 
example, breast cancers which display a rich concentra- 
tion of these receptors . 

Another aim of the present invention is to 
exploit the ability of hSSTRl (in particular) and 
20 hSSTRs 2 and 4 (to a lesser extent) to be upregulated 
at the cell surface upon prolonged treatment with ago- 
nist, as a mechanism for increasing the sensitivity of 
receptor scans for detection and diagnosis of tumors 
and inflammatory conditions. For instance, treatment 
25 of patients suspected of having a tumor which is SSTR1 
positive (e.g. breast or prostate cancer) for 24 h with 
an agonist for hSSTRl (e.g. SST-14) should increase the 
number of surface receptors on the tumors for visuali- 
zation by subsequent receptor scan with a labeled 
30 hSSTRl agonist. Although somewhat less effective, the 
same principle could also be used for recruiting hSSTR2 
receptors to the cell surface (e.g. by 24 h treatment 
with SST-14 or Octreotide) prior to their detection by 
a labeled Octreotide receptor scan. 
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Another aim of the present invention is to use 
the differential ability of the hSSTR subtypes to be 
upregulated or downregulated as a means for producing 
enhanced images in receptor scans by subtraction analy- 
5 sis to recruit e.g. SSTR1 selectively to the membrane 
whilst internalizing others e.g. SSTRs 3, 4, 5. For 
instance, a pituitary tumor expressing predominantly 
the hSSTRl subtype surrounded by normal pituitary tis- 
sue expressing several hSSTR subtypes (e.g. types 3, 4 
10 5) could be visualized more sharply by receptor scan by 
treating the patient for 24 h with a hSSTRl selective 
analog to enhance SSTR1 receptors and then administer- 
ing for 1 h agonists that will bind and internalize 
hSSTR3 , 4 and 5 in the surrounding normal tissue prior 
15 to scanning with a labeled hSSTRl agonist - 

Another aim of the present invention is to pro- 
vide for the long-term administration of somatostatin 
analogs that are selectively targeted on receptors that 
are expected to be upregulated due to reduced produc- 
20 tion of somatostatin as a result of disease. For 
instance, a well known biochemical marker of 
Alzheimer's Disease is a profound reduction in the pro- 
duction of somatostatin by neurons in the deeper layers 
of the cerebral cortex. Since occupancy of hSSTRs 3, 4 
25 and 5 leads to their immediate internalization, a defi- 
ciency of endogenous SST ligand would produce a state 
of chronic upregulation of these hSSTR subtypes- Since 
it is very likely that a disturbance of somatostatin 
production and the associated changes in its receptors 
30 plays a major role in producing symptoms (e.g. cogni- 
tive impairment) in Alzheimer's Disease, replacement 
therapy with selective somatostatin analogs could be 
targeted towards subtypes such as 3, 4 and 5 in order 
to normalize their function. 
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In accordance with the present invention, there 
is provided recombinant host cells individually 
expressing the hSSTRl-5 receptor subtypes. These 
recombinant host cells may be used in a method for 
5 quantifying the amount of hSSTRl-5 receptors present on 
the cells, which comprises the steps of: 

a) incubating membrane fractions from host cells 
expressing one of the five hSSTRs with saturat- 
ing concentrations of a cytotoxic agent in addi- 

10 tion to a radioligand; and 

b) determining the amount of hSSTRl-5 receptors 
present on the cell fractions of step a) in a 
saturation analysis . 

More particularly this method is carried out as 
15 follows: 

incubating membrane fractions from host cells 
(e.g. CHO-K1 cells) expressing one of the five hSSTRs 
with saturating concentrations of a cytotoxic agent 
(e.g. methotrexate or doxorubicin) in addition to a 
20 radioligand (e-g. [ 125 I] Leu 8 , D-Trp 22 , Tyr 2 $ SST-28) 
in a saturation analysis. 

These recombinant host cells may be used in a 
method for determining their potency for binding to SST 
agonists and antagonists by competition analysis by 
25 displacement of membrane bound radioligand (e.g. [ 125 l] 
LTT SST-28) with known amounts of SST-14, SST-28 or 
other SST agonists . 

These recombinant host cells may be used in a 
method for determining the ability of the expressed 
hSSTRl-5 to be internalized which comprises the steps 
of: 

a) culturing cells individually expressing SSTR1-5 

to about 90% confluency; 
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b) washing the cultured cells and incubating over- 
night at 4°C with a binding buffer containing 
[125jj LTT SST-28; 

c) washing the cells of step b) with binding buffer 
5 and warming to 37 °C to initiate internalization; 

d) removing surface-bound radioligand with acid 
wash; and 

e) the internalized radioligand is measured as acid 
resistant counts in NaOH extracts of acid washed 

10 cells and the radioactive fractions are counted 

in a y-spectrometer. 

More particularly this method is carried out as 
follows: culturing CHO-K1 cells individually expressing 
SSTR1-5 in 6 well plates ("1.5xl0 6 cells/well) to "90% 
15 confluency. Cells are then washed two times with PBS 
and incubated overnight at 4°C in 1 X binding buffer 
{50 mM Hepes, pH 7.5, 2mM CaCl 2 , 5 mM MgCl 2 , 5% Ficoll 
0.5% BSA, 0.02% PMSF, and 0.02% Bacitracin) with [ 125 I] 
LTT SST-28 (200,000 cpm) with or without 100 nm SST-14, 
20 SST-28, or other SST ligands. Cells are then washed 3 
times with binding buffer and warmed to 37 °C for dif- 
ferent times (0, 15, 30, 60 min.) to initiate inter- 
nalization. At the end of each incubation, surface- 
bound radioligand is removed with 1 ml acid wash (20 mM 
25 Na acetate pH 5.0) for 10 min. Internalized radiolig- 
and can be measured as acid resistant counts in 0.1 N 
NaOH extracts of acid washed cells and the radioactive 
fractions are counted in a LKB gamma counter. 

These recombinant host cells may be used in a 
30 method for determining their ability to be upregulated 
in response to chronic agonist exposure, which com- 
prises the steps of: 

a) determining upregulation of hSSTRs of cells 

expressing hSSTRl-5 by culturing in a medium 
35 with SST agonist; 
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b) the cells are subjected to acid wash for to 
remove surface-bound SST; and 

c) whole cell binding assay is carried out with a 
SST radioligand to determine total and nonspe- 

5 cific binding. 

More particularly this method is carried out as 
follows: determining upregulation of SSTRs, CHO-K1 
cells expressing hSSTRl-5 by culturing in F10 medium 
without fetal calf serum with 10""? m SST-14, SST-28, or 

10 other SST agonists for 1, 13, 16, 19 and 22 h. Media 
are then removed and the cells subjected to acid wash 
for 15 min. at 37 °C to remove surface-bound SST. Cells 
are then washed with 1 X binding buffer and whole cell 
binding assays are carried out with [ 125 I] i/TT SST-28 

15 radioligand for 30 min. at 25°C with or without 10"? M 
SST-14, SST-28 (to determine total and nonspecific 
binding) . 

In accordance with the present invention there 
is also provided a method of targeted treatment of 

20 tumors based on the use of the internalization property 
of hSSTR3 and hSSTRS subtypes, which comprises the use 
of a- or 3-eraitting SST radioligands for radiotherapy 
of tumors expressing a rich concentration of the hSSTR3 
and hSSTRS subtypes. The tumors targeted for the 

25 treatment are breast cancer tumors or other tumors 
expressing hSSTR3 and hSSTRS. 

In accordance with the present invention there 
is also provided a method for increasing the sensitiv- 
ity of receptors scans for the detection and diagnosis 

30 of tumors and inflammatory conditions in a patient 
based on the use of the upregulation property of 
hSSTRl, hSSTR2 and hSSTR4 subtypes, which comprises the 
steps of: 

a) prolonged treatment of a patient with an agonist 

35 of hSSTRl to increase the number of hSSTRl, 
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hSSTR2 and hSSTR4 subtypes on the tumor and 
inflammatory conditions of the patient; and 
b) visualization of the tumors and inflammatory 

conditions of step a) by administering a labeled 
hSSTRl agonist. 

The agonist used is preferably SST-14. 
In accordance with the present invention there 
is also provided a method for producing enhanced images 
in receptors scans by subtraction analysis for the 
detection and diagnosis of a tumor essentially express- 
ing hSSTRl in a patient based on the use of the upregu- 
lation property of hSSTRl and the internalization prop- 
erty of hSSTR3, hSSTR4 and hSSTRS subtypes, which com- 
prises the steps of; 
15 a) prolonged treatment of a patient with a hSSTRl 

agonist to increase the number of hSSTRl on the 
tumor of the patient; 
b) administering agonist of hSSTR3, hSSTR4 and 

hSSTRS subtypes for the internalization of 
20 hSSTR3, hSSTR4 and hSSTRS subtypes expressed in 

tissues surrounding the tumor; and 
visualization of the tumor by administering a 
labeled hSSTRl agonist. 
The tumor may be of pituitary origin . 



25 



30 



b) 



BRIEF DESCRIPTION O F THE DBAWTWflS 

Fig* 1 illustrates the time course of internali- 
zation of 125 I-LTT SST-28 by CHO-K1 cells expressing 
hSSTRl -5. ; 

Fig. 2 illustrates the effect of chronic SST 
treatment of CH0-K1 cells expressing hSSTRl-5 on mem- 
brane SSTRs; 

Fig. 3 illustrates the confocal immunohisto- 
chemical localization of hSSTRl by rhodamine f luores- 
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cence of stable hSSTRl CHO-K1 cells treated with SST-14 
(10~ 7 M) for different times; and 

Fig. 4 illustrates the comparison of the inter- 
nalization (short term agonist exposure) and upregula- 
tion (chronic agonist exposure) profiles of hSSTRl-5 
from Figs, 1 and 2. 

DETAILED DESCRIPTION OF THIS INVENT TDM 

Agonist regulation of somatostatin receptors 
(SSTRs) was investigated in stable CHO-K1 cells indi- 
vidually expressing the 5 human (h) SSTR subtypes. 
hSSTR 2, 3, 4, and 5 displayed rapid agonist-dependent 
internalization of [ 125 I] LTT SST-28 ligand in a time- 
and temperature-dependent manner over 60 min . Maximum 
15 internalization of radioligand occurred with hSSTR3 
(78%) followed by hSSTRS (66%), hSSTR4 (29%) and hSSTR2 
(20%). In contrast, hSSTRl displayed virtually no 
internalization- Prolonged agonist treatment led to 
differential upregulation of some of the SSTRs . After 
22 h, hSSTRl was upregulated at the membrane by 110%, 
hSSTR2 and hSSTR4 by 26% and 22% respectively, whereas 
hSSTR3 and hSSTRS showed little change. Agonist- 
induced recruitment of hSSTRl to the membrane was con- 
firmed by immunocytochemistry with hSSTRl antibodies, 
25 These results show that SST regulates all 5 hSSTRs by 
differential subtype selective internalization or 
upregulation. Subtype selectivity for internalization 
and upregulation is inversely related. 

30 MATERIALS AND METHODS 

Peptides were obtained as follows: SST-14 
(Ayerst Laboratories, Montreal); SST-28 and Leu 8 
D-Trp 22 Tyr 25 SST-28 (LTT SST-28) (Bachem, Marina Del 
Ray, CA). Stable CH0-K1 transf ectants expressing full 
3 5 length genomic sequences of hSSTRl, 3, 4, and 5 or 
hSSTR2A cDNA each in the expression vector pRc/CMV 
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(Invitrogen) were prepared and characterized as previ- 
ously reported (Patel YC et al., 1994, Biochem. 
Biophys. Res. Commun. , 198:605-612). Neomycin resistant 
clones were selected and maintained in Ham's F12 medium 
5 containing 10% fetal calf serum and 400 ug/ml G418. 

Internalization Experiments 

CHO-K1 cells individually expressing hSSTRl-5 
were cultured in 6 well plates and studied at "90% con- 
10 fluency ("1-5 x 10 6 cells/well). On the day of study, 
medium was removed, the cells washed 2 times with PBS 
and incubated overnight at 4°C in 1 X binding buffer 
(50 mM Hepes, pH 7.5, 2 mM CaCl2/ 5 mM MgCl2, 5% Ficoll 
0.5% BSA, 0.02% PMSF, and 0.02% Bacitracin) with [ 125 I] 
15 LTT SST-28 (200,000 cpm) with or without 100 nM SST-14 
(for hSSTRl-4) or SST-28 (for hSSTRS). Cells were then 
washed 3 times with binding buffer and warmed to 37°C 
for different times (0, 15, 30, 60 rain. ) to initiate 
internalization. At the end of each incubation, 

20 surface-bound radioligand was removed with 1 ml acid 
wash (20 mM Na acetate pH 5.0) for 10 min. ( Presky DH 
et al., 1988, J. Biol. Chem. , 263:714-721). Inter- 
nalized radioligand was measured as acid resistant 
counts in 0.1 N NaOH extracts of acid washed cells 
25 (Presky DH et al., 1988, J. Biol. Chem., 263:714-721). 
Radioactive fractions were counted in a LKB gamma 
counter. Each experiment was repeated 3 times in trip- 
licate. 

30 Chronic Agonist Exposure 

CH0-K1 cells expressing hSSTRl-5 were cultured 
in F10 medium without fetal calf serum with 10" 7 M SST- 
14 (hSSTRl-4) or SST-28 (hSSTRS) for 1, 13, 16, 19, and 
22 h. Control cells were cultured without SST pep- 

35 tides. At the end of treatment, media were removed and 
the cells subjected to acid wash for 15 min. at 37°C to 
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remove surface-bound SST. Cells were then washed with 
1 X binding buffer and whole cell binding assays were 
carried out with 125 I LTT SST-28 radioligand for 30 min 
at 25°C with or without 10~ 7 M SST-14 or SST-28 (to 
5 determine total and nonspecific binding). Residual 
surface binding was calculated as the difference in 
specific binding between control and experimental 
groups. Each experiment was repeated 3 times in tripli- 
cate and the data were analyzed and plotted using the 
10 Inplot Program™ (Graph Pad). 

Immuno cytochemistry 

The effect of chronic SST-14 treatment on mem- 
brane hSSTRl expression was studied by immunocytochem- 
15 istry. Following treatment of hSSTRl stable cells with 
SST-14 for 1, 13, 16, 19, and 22 h, cells were washed 2 
times in PBS and fixed for 30 min. at 4°C in 4% 
paraformaldehyde. After washing with 50 mM Tris-HCl, 
1.5% NaCl (TBS) pH 7.4, cells were incubated in 4% nor- 
20 mal goat serum in TBS for 1 h followed by incubation 
with SSTR1 antibody overnight at 4°C. A rabbit poly- 
clonal antibody against the amino terminal peptide 
sequence 49 GTLSEGQ 55 in hSSTRl was produced and used at 
a dilution of 1:100. Preimmune serum and antigen 
25 absorbed anti-body were used as controls. Cells were 
then rinsed 3 times in TBS and incubated for 1 h with 
rhodamine conjugated secondary antibody at 20°C. After 
3 additional washes, cells were mounted with immun- 
30 ofluor and viewed under a confocal microscope. 

RESULTS 

Pig. 1 shows a comparison of the internalization 
profiles of radioligand bound to the 5 hSSTR subtypes. 
In Fig. 1 the maximum percent internalization by each 
35 hSSTR is shown in brackets (representative of 3 com- 
plete experiments). Four of the subtypes 2, 3, 4 and 5 
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displayed agonist-dependent internalization of radioli- 
gand in a time- and temperature-dependent manner. 
Internalization of these 4 subtypes occurred at mark- 
edly different rates- Maximum internalization of radi- 
5 oligand (78%) occurred in the case of hSSTR3, followed 
by hSSTRS (66%) and hSSTR4 (29%). hSSTR2 was weakly 
internalized to 20% at 60 min whereas hSSTRl displayed 
minimal (4%) internalization. Fig. 2 depicts the 
effect of chronic agonist exposure on surface bound 
10 radioactivity. In Fig. 2, the hSSTRs display differen- 
tial subtype selective upregulation . Numbers in brack- 
ets indicate maximum percent increase in membrane bind- 
ing (representative of 3 complete experiments). Ago- 
nist treatment for 22 h led to an upregulation of some 
15 of the SSTR subtypes- As in the case of internaliza- 
tion, this process was also subtype-selective. After 
22 h, SSTR1 was upregulated by 110%, SSTR2 and SSTR 4 
were also weakly upregulated by 26% and 22% respec- 
tively whereas SSTR3 and SSTR 5 showed little change. 
20 Fig. 3 illustrates specific SSTR1 immunofluorescence in 
cells after 0, 13 h, 19 h and 22 h of agonist treat- 
ment. In Fig. 3, A - control; B - 13 h; C - 19 h; D - 
22 h. Control cells exhibit weak expression of hSSTRl 
immunofluorescence at the cell surface (arrow). There 
25 is marked increase in labeling at 13 h and 22 h. 
Specificity of the fluorescence images was determined 
with preimmune serum , antigen absorbed antibody, and 
nontransf ected CHO-K1 cells. Most cells displayed weak 
labeling at 0 and 1 h. At 13 h there was noticeably 
30 greater expression of hSSTRl immunoreactivity in the 
majority of cells. The immunof luorescent labeling 
increased further at 22 h exhibiting intense labeling 
of most cells. These results confirm by iramunocyto- 
cheraistry the results obtained by radioligand binding 
3 5 and show that SST is indeed capable of inducing SSTR1. 
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A comparison of receptor internalization by slxort term 
agonist exposure for the 5 SSTR subtypes with receptor 
upregulation during chronic agonist treatment revealed 
a reciprocal relationship (Fig. 4). The bars represent 
5 maximum percent internalization or upregulation (mean + 
SE, n = 3). hSSTR3 and 5 which were readily internal- 
ized showed no upregulation, whereas hSSTRl which 
failed to internalize, displayed marked upregulation. 
hSSTR2 and 4 exhibited both a moderate level of inter- 
10 nalization as well as some upregulation. - 

DISCUSSION 

These results clearly show that SST dynamically 
regulates all 5 of its receptors at the membrane. 
15 hSSTRs undergo agonist-dependent internalization in a 
time-, temperature-, and subtype-selective manner with 
the following rank order hSSTR3 >5, >4, > 2, >1. 
hSSTRs are also differentially upregulated by chronic 
agonist exposure in a subtype-selective manner. Sub- 
20 type selectivity for internalization and upregulation 
is inversely related. Previous studies have suggested 
that endogenous SSTRs are either recruited to the 
plasma membrane by agonist as in GH4C1 cells or down- 
regulated through uncoupling and internalization as in 
25 AtT-20 cells (Reisine T et al. # 1995, Endocrinology, 
16:427-442; Reisine T et al. # 1983, Endocrinology, 
113:811-813; Presky DH et al., 1988, J. Biol. Chem. , 
263:714-721). The present findings help to explain 
these seemingly contradictory observations since up- 
regulation of cell surface binding in GH4C1 cells prob- 
ably reflects the predominant SSTR1 subtype expressed 
by these cells and the rapid internalization of radi- 
oligand observed in AtT-20 cells is presumably mediated 
by subtypes such as SSTRS and 2 which predominate in 
35 this cell line (Patel YC et al., 1994, J. Biol. Chem., 
269:1506-1509; Gu Y-Z et al., 1995, Mol. Pharmacol., 



30 
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48:1004-1014). G protein coupled receptors are inter- 
nalized both via the classical endocytic pathway 
involving clathrin-coated vesicles as well as through 
several other mechanisms such as nonclathrin-coated 
5 vesicles (Roettger BF et al., 1995, J. Cell Biol., 
128:1029-1041). The clathrin-dependent pathway may be 
preferentially used for targeting receptors to 
lysosomes for degradation whereas the nonclathrin ves- 
icles may be more involved in resensitization by recy- 
10 cling the receptor to the membrane following dephos- 
phorylation. All 5 hSSTRs feature the sequence NPXXY 
at the junction of the 7 th TMD and cytoplasmic tail 
similar to the NPXY internalization motif that has been 
implicated in mediating the internalization of a number 
15 of GPCRs through clathrin-coated pits (Trowbridge IS et 
al., 1993, Annu. Rey. Cell Biol., 9:129-161). Like- 
wise, the 5 hSSTRs feature a number of phosphorylation 
sites on serine and threonine residues in the C-tail 
and cytoplasmic loops that are believed to play a role 
20 in receptor sequestration (Patel YC e t al., 1995, Life 
Sci., 57:1249-1265). Thus there are no obvious struc- 
tural differences that can explain the differential 
ability or resistance of the 5 hSSTRs to undergo inter- 
nalization; detailed mutagenesis studies will be 
25 required to identify the underlying molecular signals. 
There are only a few hormones like GnRH, angiotensin 
II, and prolactin which like SST induce their own 
receptors (Trowbridge IS et al., 1993, Annu. Rev. Cell 
Biol., 9:129-161)- However, the molecular mechanism 
30 underlying homologous receptor upregulation remains 
obscure. Upregulation of GnRH receptors occurs after 6 
or more hours of agonist exposure by a Ca 2+ -dependent , 
cycloheximide sensitive process. Our findings that 
SSTRs are upregulated in transfected cells which lack 
3 5 an endogenous SSTR promoter indicate that upregulation 
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is signaled directly by the receptors upon ligand bind- 
ing as also suggested by the finding that upregulation 
of SSTRs in GH4C1 cells occurs independently of new 
protein synthesis (Presky DH et al., 1988, J. Biol. 
5 Chem., 263:714-721). 

There are functional consequences of the ability 
of SST to regulate its own receptors. Whilst receptor 
internalization and subsequent recycling to the mem- 
brane form part of the normal desensitiza- 
10 tion/resensitization response observed in many GPCR 
systems stimulated short term by hormones or neuro- 
transmitters, the upregulation of SSTRs that occurs 
after hours of agonist exposure must be largely a phar- 
macological event. Patients with SST-producing tumors 
15 display sustained hypersomatostatinemia which, however, 
causes minimal symptomatology notably mild steatorrhea, 
diabetes mellitus, and cholelithiasis secondary to 
inhibition of pancreatic exocrine secretion, insulin 
release, and gallbladder contraction (Krejs GJ et al., 
20 1979, New Engl. J. Med., 301:285-292). Long-term 
therapy with SMS is also accompanied by signs and 
symptoms related to these features (Lamberts SWJ et 
al. r 1996, N. Engl. J. Med., 334:246-254). Based on 
the present findings, hSSTRl would be expected to be 
25 upregulated in the somatostatinoma syndrome but not by 
SMS which does not interact with this subtype. hSSTRl 
signals through G proteins as weLl as via G protein- 
independent pathways and further studies will be neces- 
sary to determine the functional state of this receptor 
30 and of the other subtypes that are recruited to the 
membrane by agonist exposure. Although many of the 
normal responses to SMS are desensitized, it is inter- 
esting that hormone producing tumors such as GH adeno- 
mas, carcinoid, and VIPomas continue to respond to SMS 
35 injections with persistent suppression of hormone 
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secretion, frequently for several years (Lamberts SWJ 
et al., 1996, N. Engl. J. Med., 334:246-254). This 
suggests a differential regulation of SSTRs in normal 
tissues and in tumors. Tumors express a high density 
5 of SSTRs compared to surrounding normal tissues as 
clearly observed by in vivo receptor imaging (Lamberts 
SWJ et al., 1996, N. Engl. J. Afed. , 334:246-254). Con- 
ceivably SSTRs in tumors behave differently due to a 
loss of normal receptor regulatory function, or to an 
10 alteration in the pattern and composition of the vari- 
ous subtypes expressed, or because of abnormal receptor 
signaling. The ability of SST to regulate SSTRs may 
provide a mechanism for targeting selective subtypes 
for diagnosis and therapy. For instance, upregulation 
15 of hSSTRl and 2 by appropriate agonist treatment could 
be used for enhancing SSTR expression for receptor 
scans. Subtypes such as hSSTR3 and 5 which are exten- 
sively internalized could be targeted with selective a- 
or P-emitting SST radioligands for radiotherapy of cer- 
20 tain SSTR positive human cancers. 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
25 tions, uses, or adaptations of the invention following, 
in general, the principles of the invention and 
including such departures from the present disclosure 
as come within known or customary practice within the 
art to which the invention pertains and as may be 
30 applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended 
claims . 
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b) 



I CIAIMr 

1. A method for quantifying the amount of hSSTRl-5 

receptors present on the cells, which comprises the 
steps of: 

a) incubating membrane fractions from host cells 

expressing one of the five hSSTRs with saturat- 
ing concentrations of a radioligand; and 
determining the amount of hSSTRl-5 receptors 
present on the cell fractions of step a ) in a 
saturation analysis. 

2. A method for determining the ability of 

expressed hSSTRl-5 in host cells to be internalized 
which comprises the steps of : 

a) culturing cells individually expressing hSSTRl-5 

to about 90% confluency; 

washing the cultured cells and incubating over- 
night at 4°C with a binding buffer containing 
[125j] LTT SST-28; 

c) washing the cells of step b) with binding buffer 
and warming to 37 »C to initiate internalization ; 

d) removing surface-bound radioligand with acid 
wash; and 

e) the internalized radioligand is measured as acid 
resistant counts in NaOH extracts of acid washed 
cells and the radioactive fractions are counted 
in a y-spectrometer. 



b) 



3. A method for determining the ability of 

expressed hSSTRl-5 in host cells to be upregulated in 
response to chronic agonist exposure, which comprises 
the steps of: 

a) determining upregulation of hSSTRs of cells 

expressing hSSTRl-5 by culturing in a medium 
with SST agonist; 
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b) the cells are subjected to acid wash for to 
remove surface-bound SST; and 

c) whole cell binding assay is carried out with a 
SST radioligand to determine total and nonspe- 
cific binding. 

4- A recombinant host cell expressing the five 

hSSTRs receptors subtypes. 

5. The use of the recombinant host cells of claim 4 
for testing the ability of synthetic SST agonists or 
antagonists to induce receptor internalization or 
upregulation . 

6. A method of targeted treatment of tumors based 
on the use of the internalization property of hSSTR3 
and hSSTRS subtypes, which comprises the use of a- or 0 
-emitting SST radioligands for radiotherapy of tumors 
expressing a rich concentration of the hSSTR3 and 
hSSTRS subtypes . 

7. The method of claim 6, wherein the tumors are 
breast cancer tumors . 

8- A method for increasing the sensitivity of 

receptors scans for the detection and diagnosis of 
tumors and inflammatory conditions in a patient based 
on the use of the upregulation property of hSSTRl, 
hSSTR2 and hSSTR4 subtypes, which comprises the steps 
of: 

a) prolonged treatment of a patient with an agonist 

of hSSTRl to increase the number of hSSTRl, 
hSSTR2 and hSSTR4 subtypes on the tumor and 
inflammatory conditions of said patient; and 
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b) visualization of said tumors and inflammatory 

conditions of step a) by administering a labeled 
hSSTRl agonist. 

9. The method of claim 8, wherein the agonist is 
SST-14. 

10, A method for producing enhanced images in recep- 
tors scans by subtraction analysis for the detection 
and diagnosis of a tumor essentially expressing hSSTRl 
in a patient based on the use of the upregulation 
property of hSSTRl and the internalization property of 
hSSTR3, hSSTR4 and hSSTRS subtypes, which comprises the 
steps of: 

a) prolonged treatment of a patient with a hSSTRl 
agonist to increase the number of hSSTRl on the 
tumor of said patient; 

b) administering agonist of hSSTR3, hSSTR4 and 
hSSTRS subtypes for the internalization of 
hSSTR3, hSSTR4 and hSSTRS subtypes expressed in 
tissues surrounding the tumor; and 

b) visualization of said tumor by administering a 

labeled hSSTRl agonist. 

11. The method of claim 10, wherein the tumor is of 
pituitary origin. 

12. A method for determining the potency of 
expressed hSSTRl-5 in host cells for binding to SST 
agonists and antagonists by competition analysis by 
displacement of membrane bound radioligand with known 
amounts of SST agonists. 
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